The objective of the paper is to asses the specific spectral scal- 
Introduction
Magnetic reconnection (MR) is a fundamental physical process which was proposed to explain changes in magnetic field topology and associated conversion of magnetic to kinetic energy in laboratory, space and astrophysical plasmas [e.g. Birn and Priest, 2007] . The intensive research in these fields gradually led to a conception of MR being a multi-scale, non-stationary, 3D process in real systems. In the terrestrial magnetotail MR occurs in localized regions, where kinetic effects breaking the frozen-in condition lead to particle acceleration, plasma bulk flows and other large-scale outcomes which are back-reacting on proton/electron-scale processes. There are many unsolved details, even opposing results and viewpoints about MR and its multi-scale signatures [e.g., Nakamura et al., 2006; Baumjohann et al., 2007] , therefore in-situ multi-point measurements are of immense importance. The four-spacecraft Cluster mission allowed, for example, for the first time direct calculations of spatial gradients and unambiguously observed Hall magnetic fields and current sheet structure near a reconnection region [Runov et al., 2003 ] and permitted to estimate the spatial size of bulk plasma flows [Nakamura et al., 2004] . The spatial structure of plasma outflow associated turbulence was also established using multi-point Cluster measurements [Vörös et al., 2007a] . The multi-point Double Star (TC) -Cluster spacecraft measurements have already provided essential information about the largescale dynamics of magnetotail. For example, more information was obtained about the propagation of dipolarization fronts [Nakamura et al., 2005; Takada et al., 2006] , flow related structures [Volwerk et al., 2005 [Volwerk et al., , 2007 or the radial extension of flapping motions [Zhang et al., 2005] .
X -4 VÖRÖS ET AL.: RECONNECTION ASSOCIATED MULTI-SCALE FLUCTUATIONS
In this paper we will analyze and compare the spectral properties of multi-scale magnetic fluctuations/turbulence associated with the identified MR events in the companion paper by Sergeev et al. (this issue) . A strong coupling between reappearing reconnections and associated turbulence during the September 26, 2005 MR events has already been emphasized at a qualitative level [Sergeev et al., 2007] . Our goal here is to provide a quantitative description in terms of scaling properties of non-stationary magnetic fluctuations within sliding overlapping windows. We also focus on the anisotropy of fluctuations which is introduced by a local mean magnetic field. The estimated anisotropies indicate a clear difference between the physical processes at the Earthward and tailward outflow sides of MR events at the positions of the TC-2 and Cluster spacecraft. Variance anisotropy and scale-dependent increase of anisotropy at Cluster's location (14) (15) (16) indicates the presence of reconnection outflow associated magnetohydrodynamic cascading turbulence.
At the geostationary distance, where TC-2 is located ( 6.6 Re), variance anisotropy is absent, the anisotropy is not scale dependent and the fluctuations do not correspond to a simple cascading turbulence. In this case magnetic fluctuations are driven differently.
In the analysis presented in this paper magnetic field data from the Cluster Flux Gate Magnetometer (FGM, [Balogh et al., 2001] ) and from the Double Star Magnetic Field Investigation (FGM, [Carr et al., 2005] ) will be used, both available with 22 Hz resolution. Figure 1 shows the GSM positions of the spacecraft, supposed to be near the central meridian of repeatedly observed activations.
For better orientation, the approximate position of the X-line is depicted in Figure 1a .
The horizontal dashed lines in Figure 1 c show the GSM Z extent of reconnection outflow at Cluster positions during the event around 0942 UT [Vörös et al., 2007a] , (see later). PEACE and CIS spectrograms (not shown), together with magnetic and plasma parameters confirm that the Cluster spacecraft stay inside the plasma sheet during the whole period of study. For example, the plasma density was about 1 cm −3 and the plasma X -6 VÖRÖS ET AL.: RECONNECTION ASSOCIATED MULTI-SCALE FLUCTUATIONS β > 1. Ion moments are not available from TC-2, but the electron moments from the PEACE instrument and magnetic field variations show that TC-2 was in the middle of the plasma sheet (see Sergeev et al., this issue). For example, the electron density was about 1.2 -1.4 cm −3 and the electron temperature varied between 2-3 keV at TC-2 during the activations.
The two upper subplots in Figure 2a , b show the B X magnetic components from the Cluster spacecraft. Figure 2c shows the available bulk velocity data from the C1 (Hot Ion Analyzer) and C4 (Composition Distribution Function) spacecraft. In Figure 2d the length of -at least quasi-stationary -physical processes. Contrarily, to be able to estimate the spectral properties over multiple scales, W should be as large as possible. Since magnetic data from Cluster and TC-2 are available with the same resolution (22 Hz), W will be equal for all spacecraft. Obviously, W cannot be larger than the lifetime of fluctuations we are interested in, e.g. the length of the first activation measured by TC-2 before 0933 UT is about 1 min. The second activation at TC-2 after 0941 UT shows visually a longer duration (∼ 3 min), but one cannot be sure if the process is really stationary during the whole activation interval. The multi-scale magnetic fluctuations e.g. at C1 or C3 after 0941 UT persist also a few minutes. Similar fluctuations in the central plasma sheet, however, are known to be driven by plasma bulk flows and those are bursty and time dependent [Baumjohann et al., 1990; Angelopoulos et al., 1992; Vörös et al., 2004a, b] . For example, the bulk flows exhibit ∼ -1000 km/s speed no longer than a minute around 0942 UT, then the speed is decreasing (Figure 2c ). Therefore, we choose W = 30 s and shift the window by 2 s along the time series after each calculation step.
Within each analyzing window the spectral scaling parameters c f and α in the relation
where f is the frequency, α represents the scaling index and c f is a nonzero magnitude parameter. The method was adapted for the analysis of plasma sheet turbulence by Vörös et al. [2004b] . Here, we recall only the main steps of the wavelet technique. First, a discrete wavelet transform of the data is performed over a dyadic grid (scale, time) = (2 j , 2 j t) and j, t ∈ N. Then, at each octave j = log 2 2 j , the variance µ j of the discrete of y j ≡ log 2 µ j versus j (logscale diagram) and by using a weighted linear regression over the region (j min , j max ) where y j is a straight line. c f represents the intercept of that line with j = 0 and has the dimension of variance (nT 2 in our case).
Having the window W and the resolution fixed, the scaling properties of fluctuations can only be studied over the time scales of ∼ 0.1 -5 s (0.2 -10 Hz) (with 95% confidence).
We 
Scale-dependent anisotropy
Shebalin et al. [1983] studied incompressible MHD anisotropies arising in wave vector space in the presence of a mean magnetic field. They studied the interaction of oppositetraveling wave packets and found that in wave vector space, those interactions produce modes with wave vectors preferentially perpendicular to the mean magnetic field. Goldreich and Sridhar [1995] proposed a balance condition between parallel and perpendicular modes (parallel-propagating Alfven waves and perpendicular eddy motions). On this basis it was shown that a scale-dependent anisotropy appears, namely
where l ∼ 1/k is the characteristic scale of eddies in parallel and perpendicular directions), which means that the anisotropy is increasing with decreasing scale.
As a quantitative measure of spectral anisotropy, it is convenient to use the anisotropy angles, θ introduced by Shebalin et al. [1983] 
To isotropic fluctuations corresponds θ ∼ 54
• , purely parallel (slab) fluctuations exhibit Out of seven data intervals of multi-scale fluctuations (horizontal dashed lines in Figure   2 and diamonds in Figure 5 ), three data intervals from Cluster and two data intervals from TC-2 were found for which θ could be estimated according to Equations 2 and 3.
During the remaining two intervals at TC-2 and C4 near 0942 UT, the estimations of θ were not stationary enough. 
